Abstract. Axillary lymph node enlargement following sentinel lymph node biopsy (SLNB) is often difficult to accurately diagnose. In keeping with the characteristically tortuous and aberrant pattern of tumor neovasculature, metastatic lymph nodes exhibit peripheral and mixed vascularity, resulting in a microvasculature that is often difficult to visualize. Contrast-enhanced ultrasonography (CEUS) with Sonazoid, a new generation contrast agent for ultrasonography, allows for the visualization of lymph node microvessels and may enable a more accurate evaluation of lymph node metastasis. This is a case report of axillary lymph node enlargement following SLNB, in which CEUS with Sonazoid resulted in an accurate diagnosis. On the basis of our experience with this case, we have initiated a clinical trial to evaluate the detection of lymph node metastasis through the use of CEUS in breast cancer patients.
Introduction
Sentinel lymph node biopsy (SLNB) has become an alternative to axillary lymph node dissection (ALND) for nodal staging in breast cancer (1, 2) . If the sentinel lymph node (SLN) is free of metastasis, metastatic disease is not likely to be present in the axillary lymph nodes; therefore, ALND may be avoided (3) . However, SLNB has been reported to be associated with false-negative results and local recurrence following SLNB (4) .
In keeping with the characteristically tortuous and aberrant pattern of tumor neovasculature, metastatic lymph nodes also exhibit peripheral and mixed vascularity. Color Doppler ultrasonography only provides information regarding macrovessel flow and morphology; therefore, it is difficult to accurately diagnose lymph node metastasis using this method (5) . Sonazoid, a new generation contrast agent for ultrasonography, allows for visualization of lymph node microvessels. Compared to previously used imaging modalities, contrast-enhanced ultrasonography (CEUS) with Sonazoid may enable a more accurate evaluation of lymph node metastasis. This is a case report of axillary lymph node metastasis (ALNM) following SLNB, which was accurately diagnosed with CEUS using Sonazoid.
Case report
A 40-year-old woman underwent total mastectomy and SLNB for cancer of the left breast. The histopathological examination revealed invasive ductal carcinoma, T1bN0M0, stage IA, estrogen receptor-negative, progesterone receptor-negative, human epidermal growth factor receptor-negative and MIB-1 index 6%. The patient received tamoxifen as adjuvant endocrine therapy. After 6 months, follow-up enhanced computed tomography (CT) revealed a left axillary lymph node enlarged to 11 mm (Fig. 1A) . Color Doppler ultrasonography revealed pulsatile blood flow to the lymph node from several directions (Fig. 1B) . On the basis of the CT and color Doppler results, lymph node metastasis was suspected. In contrast to the color Doppler, CEUS demonstrated blood flow from only the hilum of the lymph node, suggesting that this lymph node may be clear of metastasis (Fig. 2) . ALND was ultimately performed and the histopathological findings confirmed that the axillary lymph node was negative for metastasis (Fig. 3) .
This study was approved by the Research Ethics Committee of our hospital and the patient provided consent for the findings of her case to be published.
Discussion
Breast cancer is the most common type of cancer in women, exhibiting considerably varying incidence and mortality rates worldwide. The 5-year survival rate in patients with breast cancer reportedly ranges between 74 and 82% (6). Since standard radical mastectomy for the treatment of breast cancer was first established by Halsted, the surgical procedures for breast cancer have continued to improve on the basis of the results of randomized clinical trials (2,7-11). Breast-conserving surgery is now considered to be the standard local treatment for early breast cancer. In addition, SLNB has recently become an alternative to ALND for nodal staging (1, 2) .
Accurate diagnosis of axillary lymph node metastasis using contrast-enhanced ultrasonography with Sonazoid
The SLN hypothesis states that tumor cells that are shed from a primary carcinoma migrate through a lymphatic channel to a single lymph node prior to involvement of the remaining lymph nodes within that basin. The SLN is the first lymph node that receives lymphatic drainage from a tumor and its identification and analysis for tumor involvement may predict the status of the remaining lymph nodes (12) .
However, several issues have been reported when using SLNB for nodal staging. First, it was reported that the proportion of patients with successfully mapped SLNs ranged between 41 and 100%, with >50% of the studies reporting a rate <90%. The false-negative rate ranged between 0 and 29%, with an average rate of 7.3% (13) . Second, patients may experience local disease recurrence following SLNB. Axillary local recurrence rates in patients with a negative SLNB and no ALND were reported to range between 0 and 1.4% at 14-46 months of follow-up (4).
ALNM is a key factor for the prognosis of breast cancer and significantly affects the decisions regarding the selection of treatment modalities; thus, diagnostically accurate methods for determining ALNM are crucial. Axillary ultrasonography (AUS) is widely used for the detection of ALNM, as it is relatively accurate and non-invasive. AUS is simple, easy and more cost-effective compared to other modalities. Therefore, it is an elemental test in breast cancer evaluation. The sensitivity and specificity of AUS for the detection of ALNM were reported to be 61 and 82%, respectively (14) . Contrast-enhanced magnetic resonance imaging (cMRI) is generally used to evaluate the regional extent of breast cancer prior to breast-conserving surgery; it enables the assessment of the changes in the extent of tumor growth pre-and post-chemotherapy and may be used for screening of high-risk patients and of those with large breasts, evaluating isolated ALNMs of unknown origin and evaluating ALNMs in breast cancer (15, 16) . The sensitivity and specificity of cMRI for the prediction of ALNM range between 36-100% and 54-100%, respectively. These ranges are fairly wide, as they are dependent on the definition of ALNM, the type of contrast agent used, the size of the breast tumor and the number of metastatic ALNs (17-21). Hwang et al (22) reported that the actual accuracy of cMRI was similar to that of AUS. Imaging with fluoro-2-deoxy-D-glucose-positron emission tomography (PET) may also be used to evaluate ALNM. The fundamental strength of PET imaging over conventional imaging is its ability to convey functional information that even the most exquisitely detailed anatomical image cannot provide. However, when surveyed across the multitude of prior reports, PET has an overall sensitivity of 88%, a specificity of 92% and an accuracy of 89%, although several of the studies achieved a higher sensitivity at the expense of lower specificity or vice versa. This may explain the wide variation in the results (23) .
Sonazoid, a new generation contrast agent for ultrasonography, was first introduced on January 10, 2007 and is approved for use only in Japan. The active ingredient of Sonazoid is a perflubutane microbubble that is stabilized using hydrogenated egg phosphatidyl serine sodium, which is a phospholipid. Perflubutane is chemically stable and insoluble in water. Therefore, it has a long lifespan in the body, as it hardly dissolves in the blood. CEUS with Sonazoid for liver tumors is currently frequently performed in Japan. Omoto et al (24) reported an SNL detection method using CEUS with Sonazoid in a human breast cancer patient. Aoki et al (25) suggested that CEUS may be useful in distinguishing tumor-induced from inflammation-induced lymph node enlargement. CEUS with Sonazoid may also allow for the visualization of microvessels. Color Doppler ultrasonography provides information on macrovessel flow and morphology and may evaluate palpable lymph nodes more accurately compared to AUS; however, it cannot be used to evaluate microvessels and is therefore not applicable in the evaluation of non-palpable nodes (5) . We suggest that CEUS with Sonazoid may enable an accurate diagnosis of ALNM.
In our department, we have performed preoperative evaluation using CEUS for lymph node metastasis in a total of 14 cases (Table I ). In addition, we also performed plane ultrasonography, color Doppler ultrasonography, enhanced CT and enhanced MRI during the preoperative examination. An accurate diagnosis using CEUS was possible in all the cases. In cases 6 and 13, as well as in the present case, the results differed between CEUS and the other imaging modalities. Considering these results, CEUS is more likely to result in an accurate diagnosis of lymph node metastasis compared to other modalities used for evaluation.
In conclusion, we presented a case with axillary lymph node enlargement following SLNB, in which CEUS with Sonazoid resulted in an accurate diagnosis. On the basis of our experience with this case, a clinical trial evaluating the detection of lymph node metastasis by CEUS in breast cancer patients is currently ongoing at our institution.
